Quinine and strychnine as corrosion inhibitors for copper in sulfuric acid by Subramanyam, N.C. et al.
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ycst19
Download by: [Monash University Library] Date: 18 April 2016, At: 08:53
British Corrosion Journal
ISSN: 0007-0599 (Print) (Online) Journal homepage: http://www.tandfonline.com/loi/ycst19
Quinine and Strychnine as Corrosion Inhibitors for
Copper in Sulphuric Acid
N. C. Subramanyam, B. S. Sheshadri & S. M. Mayanna
To cite this article: N. C. Subramanyam, B. S. Sheshadri & S. M. Mayanna (1984) Quinine and
Strychnine as Corrosion Inhibitors for Copper in Sulphuric Acid, British Corrosion Journal, 19:4,
177-180, DOI: 10.1179/000705984798273128
To link to this article:  http://dx.doi.org/10.1179/000705984798273128
Published online: 20 Nov 2013.
Submit your article to this journal 
Article views: 2
View related articles 
Citing articles: 6 View citing articles 
Quinine and Strychnine as Corrosion Inhibitors for Copper in
Sulphuric Acid
by N. C. Subramanyam, B. S. Sheshadri and S. M. Mayanna
Department of Chemistry, Central College, Bangalore University, Bangalore 560 001, India
(Manuscript received 8 October, 1984)
The effect of quinine (Q) and strychnine (8) on the corrosion of copper in sulphuric acid has been
investigated using weight loss and polarisation methods. Q and 8 had a significant effect on the corrosion
rate of copper, the maximum corrosion inhibition (99%) being observed with 8 at 10-3 M. The weight loss
and polarisation techniques gave closely similar % inhibitive efficiency valuesfor Q and 8, the adsorption of
whichfollowed Bockris-Swinkels adsorption isotherm. The drift of the corrosion potential in the less noble
direction, and the increase in the anodic Tafel slope, in the presence of inhibitors, suggest the inhibition of
both the anodic and cathodic reactions of the corrosion process. The negativefree energy ofadsorption and
the high degree of protection indicate a strong interaction between the inhibitors and the copper surface.
Introduction
THE use of nitrogen-containing organic compounds as corrosion
inhibitors is widespread. Despite the extensive use of inhibitors
in preventing corrosion of metals and alloys, little is known of
their function because of the complexity of the process. Several
mechanisms have been proposed to explain the action of
corrosion inhibitors of which the adsorption theory is the most
pertinent.! Recently the nature of the action of corrosion
inhibitors at the metal-solution interface has been evaluated by
adsorption characteristics and also by the thermodynamics of
adsorption.2-4 Selection of a suitable inhibitor for a given
corroding system depends on the type of the corrosive medium,s
the nature of the metal, the magnitude of the charge at the metal/
solution interface, and the cathodic reaction.6
Azoles are found to be the most effective corrosion inhibitors
for mild steel in alkalkine mine waters;7 caffeine,8 n-decylamine,9
and 2,4-dinitrophenyl hydrazinelo have been used as effective
acid corrosion inhibitors for copper. A few alkaloids such as
quinine and strychnine are known to enhance the cathodic
polarisation of copper during the electroplating of copper from
acid copper sulphate bath. II Copper is widely used in various
industrial operations, therefore the study of the corrosion
inhibition of copper is a subject of pronounced practical
significance. The present communication deals with the effect of
quinine and strychnine on the corrosion of copper in sulphuric
acid.
Experimental
The chemicals used were of AR grade. The strychnine and
quinine were from Sigma Chemicals Company (USA). The
solutions were prepared using double distilled water. Copper
(99·99%) in the form of a rectangular foil with an area of
2 x 2 cm2 was used for the corrosion rate determinations. The
copper surface was degreased and mechanically polished with
4/0 emery paper using ethanol as a lubricant. Before the
corrosion determinations the surface was activated in dilute
HN03 (1:100) for 1 min. The corrosion rate (mg/cm2/h) was
calculated by estimating the amount of copper dissolved in the
solution colorimetric ally .12
·Anodic polarisation was carried out in a three-compartment
cell with a fine Luggin capillary to avoid ohmic polarisation,
using flag-shaped panels of copper (1 x 1 cm2). A galvanostatic
condition was maintained using a constant current source (DB-
300). A saturated calomel electrode and carbon electrode were
used as reference and auxiliary electrodes, respectively. The
potentials (corrosion and overpotentials) were recorded using a
digital multimeter (Systronix Model 435). Experiments were
carried out in 0·1 M H2S04, without and with various
concentrations of inhibitors, at 303 ± lK.
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Fig. 1. Dependence of corrosion rate of copper in unstirred O·} M
H2S04 on inhibitor concentration,· temp. 300e (303K)
(1) Quinine (2) Strychnine
TABLE I
Dependence of percentage inhibitor efficiency (%P) on con-
centration of strychnine and quinine in un stirred 0·1 M H2S04
at 30°C (303K)
%P
Inhibitor concentration
(M) Quinine Strychnine
0 - *(218) -
1 x 10-loM 18 (182) 42
1 x 10-8 M 38 83 (155)
1 x 10-6 M 51 (172) 86
1 x 10-5 M 55 (155) 88 (126)
1 x 10-4M 61 90
1 x 10-3M 88 (148) 99 (105)
*Steady corrosion potentials are given in parentheses
Weight loss measurements
Copper was immersed for 1 h in stirrred as well as unstirred
0·1 M H2S04, without and with various concentrations (10-10 to
lo-3M) of quinine (Q) _and strychnine (S) at 303 K. The
dissolution rates (mg/cm2/h) were calculated. These alkaloids
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TABLEII
Variation of%P with acid concentration: inhibitor concentration lO-sM; temp. 30°C (303K)
·Corrosion *Corrosion %P
Concentration current rate
ofH2S04(M) (mA/cm2) (mg/ cmj2 /h) Quinine Strychnine
0·1 1·6 0·178 55 (55) 88
0·25 1·12 0·162 52 87 (87·7)
0·375 0·64 0·143 47 (46·8) 78
0·5 0·34 0·103 37 77 (82·9)
* in the absence of the inhibitor
%P values from weight loss measurements are given in parentheses
Fig. 2. Variation of weight loss of copper with immersion time at
30°C (303K)
Wo-w
%P= --- x 100
Wo
had a marked inhibitive effect on the corrosion of copper in
H2S04, The corrosion rate of copper decreased appreciably even
in the presence of traces of these compounds. The extent of the
decrease in corrosion rate was found to depend on the nature of
the alkaloid and hs concentration. Fig. 1 shows the variation of
the corrosion rate of copper with the concentration of these two
inhibitors.
The percentage inhibitive efficiency (%P) of each inhibitor on
the copper surface, at different concentrations, was calculated
using the equation:
TABLEIII
Dependence of %P on temperature
*Corrosion %P
Temperature rate in 0·1 M
(OC) H2S04(mg/cm2/h) Quinine Strychnine
10 0·08 38 72
20 0·12 50 77
30 0·18 55 88
40 0·23 67 96
*In the absence of inhibitor
i- i*
%P= -- x 100
i
(0·1-0·5 M), containing 10-5M inhibitors. The increase in acid
concentration slightly decreased the %P of each inhibitor (Table
II).
The effect of temperature in the range 10-40°C on the
corrosion rate of copper in 0·1 M H2S04 containing 10-5M
inhibitor was studied. The corrosion rate increased with increase
in temperature both in the presence and absence of inhibitors,
but the %P nevertheless also increased with increase in
temperature (Table III).
The corrosion potentials were recorded at different time
intervals during the corrosion of copper in 0·1 M H~04with and
without various concentrations of inhibitors. The corrosion
potential decreased slightly with time and attained a steady
value both in .the presence and absence of inhibitors. The
corrosion potential values (steady) at different concentrations of
inhibitors are given in Table I. The steady corrosion potentials
shifted towards less noble values in the presence of inhibitors,
and the extent of the shift was a function of the nature and
concentration of the inhibitors.
Polarisation measurements
Anodic polarisation of copper was carried out gal-
vanostatically in stirred 0·1 M H2S04, with and without various
concentrations of the inhibitors, between the current densities
0·1-20 mA/cm2 at 303 K. During polarisation at each current
density, the overpotential drifted slightly with time and finally
attained a steady value. For a given current density and inhibitor
concentration, the overpotential was in the order,1Js>1]Q'
The steady overpotential values were used to construct Tafel
plots .(Fig. 3). The anodic Tafel lines were shifted to higher
potential regions by the presence. of inhibitors; and the anodic
Tafel slope of 40 ± 5 mv/decade, obtained in 0·1 M H2S04,
increased with increasing concentrations of inhibitors.
The corrosion currents were evaluated by extrapolating the
anodic Tafel lines to free corrosion potential values.The inhibitor
efficiencies were also calculated from the polarisation data by
using the equation:
6543
Time (hours)
(2) 0·1 M H2S04 + 1O-5MQuinine
(3) 0·1 M H~04+ 16-'5M Strychnine
/
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N
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where '.Wo and Ware the values of the weight loss of copper
without and with the inhibitor, respectively. Table I gives the
values of %P in the presence of various concentrations of Q and
Sin 0·1 M H2S04 at 303 K. For a given inhibitor concentration,
the values of P were not affected by immersion period. It is clear
from Tabl~ I that S is a more effective corrosion inhibitor for
copper than 'Q.
Copper was immersed for different period.s in 0·1 M H~04
containing definite concentrations (l 0-5M) of the inhibitors at
303 K. The weight loss varied linearly (Fig. 2) with immersion
period with and without the inhibitors. The dissolution rate of
copper was also determined in different concentrations of H~O 4
Br. Corros. J., 1984, Vol. 19, No.4
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Discussion
The corrosion of copper in aerated acidic solution is a result
of the following partial reactions.13
The observed Tafel slope (40 ± 5 mv/decade) in the uninhibited
0·1 M H2S04 is more consistent14 with the rapid formation of
Cu+ ions as an intermediate in the anodic reaction, followed by
the rate controlling oxidation of Cu+ to Cu2+.
(3)
(4)
Cu ;:===== Cu+ + e
Variation of overpotential with surface coverage of inhibitors
at 10 mAlcm2; temp. 300e (303K)
(1) Quinine (2) Strychnine
Fig. 4.
-~G~ ~H~ ~S~
Inhibitor (kJ/mol) (kllmol) (J/K)
Quinine* 39·0 67·05 350
Strychninet 50·1 177 ·10 750
* n=6
tn= 7
The cathodic reduction of oxygen may be catalysed by the
presence of Cu+ ions,4.15 and in the absence of inhibitors it is
probable that it would be under diffusion control.
The change of Tafel slope (Table IV) in the presence of
inhibitors indicates the interference of inhibitors in the copper
corrosion mechanism as the rate determining step. The observed
corrosion rate data, namely (a) the trend in variation of
corrosion rate with the concentration of the inhibitor (Fig. 1); (b)
the shift in the anodic Tafel lines to higher potential regions (Fig.
3); (c) the linear variation of weight loss with time (Fig. 2); and
(d) the increase in corrosion inhibition with increase in
temperature (Table III), suggest that the inhibitors inhibit the
acid corrosion of copper through surface adsorption.
It is well known that the corrosion of a metal is initiated at the
reaction sites (defects) on the surface.16 Hence, any hindrance at
these reaction sites by the adsorbed molecules leads to a
reduction in the corrosion rate. In such a situation, the removal
of copper atoms from the reaction sites is quite difficult and
needs higher energy. One could thus expect an increase in
overpotential in the presence of inhibitors, and the extent of this
effect should depend on the degree of surface coverage,
O(1-W /Wo)' This is also in accordance with the observed linear
variation of overpotential with surface coverage (Fig. 4).
TABLE V
Free energy of adsorption (~G~), heat of adsorption (~H~) and
entropy of adsorption (~S~) of the inhibitors (lO-SM) on copper at
30°C (303K)
. (1)Anodic 2 Cu ~2 Cu++ 2e
icorr %P Anodic Tafel slope
Inhibitor (mA/cm2) (mv/decade)
concentration
(M)
Q S Q S Q S
- 1·6 - - 44
1 x 10-10 1·2 0·85 25 46 50 54
1 x 10-8 0·96 0·28 40 82 54 64
1 x 10-6 0·80 0·24 50 86 56 75
1 x 10-5 0·72 0·22 55 87 58 79
1 x 10-4 0·58 0·16 . 70 90 60 86
1 x 10-3 0·16 0·016 90 99 64 90
Fig. 3. Anodic Tafel curves for copper in stirred O·} M H2S04
containing inhibitors at 300e (303K)
(1) 0·1M H~04
(2) 0·1 M H~04 + lO-IOM Quinine
(3) 0·1 MH~04 + 1O-5M Quinine
(4) 0·1 MH~04 + 1O-3M Quinine
(5) 0·1 M H~04 + lO-IOM Strychnine
(6) 0·1 M H~04 + 1O-5M Strychnine
(7) 0·1 MH~04 + lO-3M Strychnine
TABLE IV
Variation of percentage inhibitor efficiency (%P), corrosion
current density (~orr), and anodic Tafel slope in stirred 0·1 M
H2 S04 containing different inhibitor concentrations at 30°C
(303K)
where i and i* are the corrosion currents in the absence and
presence of the inhibitor, respectively. Table IV gives the values
of corrosion current, %P, and Tafel slope at different
concentrations of the inhibitors. Under identical concentrations
of the inhibitor, the %P values from the weight loss data are in
agreement with the values obtained from polarisation data.
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Fig. 5. Bockris-Swindels adsorption isotherm for adsorption of
inhibitors on copper in stirred 0·] MH2S04at ~woC(303K)
Fig. 6. Variation of 8..G~with temperature in the presence of
]0-5 M inhibitors
(1) Quinine (2) Strychnine
The nature of inhibitor interaction on the metal surface during
corrosion inhibition has been deduced in terms of its adsorption
characteristics.2 In most cases the adsorption of inhibitor
molecules from a corrosive medium is a quasi-substitution
process,! 7 the thermodynamics of which depend on the number
(n) of water molecules (dipoles) replaced by the inhibitor
molecule at the metal-solution interface. The value of n for the
.given inhibitor depends on the mode of adsorption. The standard
free energy of adsorption (~G~) of such a process has been
evaluated using an adsorption isotherm18 by introducing the
configurational function in 9 :
movement of the corrosion potential in the less noble direction
(with reference to the corrosion potential in uninhibited acid)
implies that the cathodic process is being limited more than the
anodic process.
Acknowledgments
The authors are grateful to the Bangalore University for
providing laboratory facilities. One of the authors (N.e.S.)
wishes to express grateful thanks to the Principal, A.P .S.
. College, Bangalore, for kind encouragement.
where Corg is the concentration of the inhibitor in the bulk of
the solution.
e f e+ n (I-9)n-I 1
A plot of (l-e)n l nn J against inhibitor
concentration was made to evaluate the most probable values
of n (Fig. 5). These values of n for Q and S were found to be 6
and 7, respectively. The entropy of adsorption (~S~ for each
inhibitor was evaluated from the relation2 between ~G~ and T
(Fig. 6). From the values of ~ G~ and ~ S~, the heat of
adsorption (~H~) was calculated. Table V gives the values of
~ G~ , ~ H~ and ~S~ for inhibitor concentrations of
lo-sM. The magnitudes of the values of ~:S~ and ~H~ are
in accordance with the occurrence of· a repJlacement process
during the adsorption of inhibitor molecules at the metal-
solution interface.19
The negative values of ~G~ suggest a strong interaction of
inhibitors with the copper surface during corrosion. The value of
%P depends on the adsorbing capacity of the inhibitor molecule
which in turn is related to its molecular polaJrisability, and the
order of %P of these alkaloids is found to be consistent with the
order of their molecular polaris ability. The high order of %P
observed with each· inhibitor even at low concentration is an
important feature of chemisorption.20 As shown elsewhere,21
{
55·49
~~=-2·303 RTlog -- ...~
Corg(1-B)
[9 -to n (1_9)]n-1 }
nn
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